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ELECTRIC POWER STEERING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an electric 

power steering apparatus that produces a steering 
assist force by an electric motor. 
Description of Related Art 

In a rack assist type electric power steering 

10 apparatus that provides a steering assist force 
through a rack shaft, the rotation of an output 
shaft in an electric motor is decelerated through 
a speed reduction mechanism composed of a pulley 
belt mechanism. The output rotation of the speed 

15 reduction mechanism is converted into the axial 
movement of a rack shaft through a ball screw 
mechanism, for example, surrounding the rack shaft 
(see Japanese Unexamined Patent Publication No. 
62-4673 (1987), for example). 

20 An advantage of this case is that a belt is 

interposed in a power transmission path between 
the electric motor and the rack shaft, so that 
shock loading and vibration from the rack shaft 
are not transmitted to the electric motor. 

25 In order to reduce a torque transmission loss 
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by the sliding of the belt, it is considered that 
toothed pulleys and a toothed belt are used for 
the pulley belt mechanism. 

However, there is a case where vibration and 
5 noise are produced by the mesh of the teeth of the 
belt and the teeth of each of the pulleys at the 
time of steering, which are transmitted to a 
housing, and are propagated inside of a vehicle 
to be noise. 

10 SUMMARY OF THE INVENTION 

Therefore, an object of the present invention 
is to reduce, in an electric power steering 
apparatus having a speed reduction mechanism 
composed of a belt transmission, vibration and 

15 noise. 

In a preferred mode, of the present invention,- 
an electric power steering apparatus comprises an 
electric motor for producing a steering assist 
force, and a speed reduction mechanism for 

20 decelerating the rotation of an output shaft in 
the electric motor. The speed reduction mechanism 
comprises an input pulley driven by the electric 
motor, an output pulley connected to a steering 
shaft, and a belt for connecting the input pulley 

25 and the output pulley to each other. The belt 



includes a helical toothed belt, and the input 
pulley and the output pulley respectively include 
helical toothed pulleys meshed with the helical 
toothed belt. 
5 In the present mode, the movement in the mesh 

of the teeth of the belt and the teeth of each of 
the pulleys can be smoothed, thereby making it 
possible to significantly reduce vibration and 
noise . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the 

schematic configuration of an electric power 

steering apparatus according to an embodiment of 

the present invention; 
15 Fig. 2 is a c r o s s - s e c t i o n a 1 view showing a 

principal part of the electric power steering 

apparatus ; 

Fig. 3 is a schematic sectional view taken 
along a line III - III shown in Fig. 2; 
20 Fig. 4 is a schematic view of a speed reduction 

mechanism; 

Fig. 5 is a schematic view showing a principal 
part of an electric power steering apparatus 
according to another embodiment of the present 
25 invention; 
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Fig. 6 is a schematic view showing a principal 
part of an electric power steering apparatus 
according to still another embodiment of the 
present invention; 
5 Fig. 7 is a schematic view showing a principal 

part of an electric power steering apparatus 
according to a further embodiment of the present 
invention; and 

Fig. 8 is a schematic view showing a principal 
10 part of an electric power steering apparatus 
according to a still further embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A preferred embodiment of the present 
15 invention will be d e s c r i b e d wh i 1 e referring to the 
drawings . 

Fig. 1 is a schematic view showing the 
schematic configuration of an electric power 
steering apparatus according to a first embodiment 

20 of the present invention. Referring to Fig. 1, 
an electric power steering apparatus (EPS) 1 
comprises a steering shaft 3 connected to a 
steering wheel 2 serving as a steering member, an 
intermediate shaft 50 connected to the steering 

25 shaft 3 through a universal joint 54, a pinion 



shaft 51 serving as a steering shaft connected to 
the intermediate shaft 50 through a universal 
joint 55, and a rack shaft 6 serving as a steering 
shaft having a rack 5 meshed with a pinion 4 
5 provided at a front end of the pinion shaft 51 and 
extending along a width X of a vehicle. 

Tie rods 7 are respectively coupled to both 
ends of the rack shaft 6, and each of the tie rods 
7 is connected to a corresponding wheel 8 through 

10 a corresponding knuckle arm (not shown). When 
the steering wheel 2 is operated to rotate the 
steering shaft 3, the rotation is converted into 
the linier motion of the rack shaft 6 along the 
width X of the vehicle by the pinion 4 and the rack 

15 5. Consequently, the steering of the wheel 8 is 
achieved . 

The steering shaft 3 is divided into an input 
shaft 9 serving as a first shaft connected to the 
steering wheel 2 so as to be integrally rot a table 

20 and an output shaft 10 serving as a second shaft 
and as a steering shaft connected to the pinion 
4. The input shaft 9 and the output shaft 10 are 
coaxially connected to each other through a 
torsion bar 11. 

25 There is provided a torque sensor 12 for 



sensing a steering torque by an amount of relative 
rotational displacement between the input shaft 
9 and output shaft 10 through the torsion bar 11, 
and the results of the sensing of the torque by 
5 the torque sensor 12 are given to a control section 
13. In the control section 13, a voltage to be 
applied to an electric motor 15 for steering assist 
through a driver 14 is controlled on the basis of 
the results of the sensing of the torque and the 

10 results of sensing of the speed of the vehicle, 
for example. The rotation of an output shaft 16 
(see Fig. 2) in the electric motor 15 is 
decelerated through a speed reduction mechanism 
17 including a pulley belt mechanism. The output 

15 rotation of the speed reduction mechanism 17 is 
converted into the axial movement of the rack shaft 
6 through a conversion mechanism 18, to assist in 
steering. The electric power steering apparatus 
1 is of a so-called rack assist type. 

20 Fig. 2 is an enlarged view showing a principal 

part of the electric power steering apparatus 1, 
and Fig. 3 is a schematic sectional view taken 
along a line III - III shown in Fig. 2. 

Referring to Figs. 2 and 3, a motor housing 

25 20 in the electric motor 15 is fixed to a second 



housing 19 through a first housing 21. The 
electric motor 15 is provided by the side of the 
second housing 19'. The first housing 21 holds an 
input pulley, described later, in the speed 
5 reduction mechanism 17. The second housing 19 
functions as a rack housing which accommodates the 
rack shaft 6. 

The first housing 21 has a cylindrical shape 
as a whole, and is provided with mounting flanges 

10 2 2 serving as a pair of opposite sections to have 
an approximately Q shape in cross section. The 
second housing 19 has mounting flanges 23 serving 
as opposite sections respectively opposed to the 
mounting flanges 22 in the first housing 21. Both 

15 the mounting flanges 22 and 23 are fastened to each 
other by a screw 25 with a spacer 24 such as a shim 
interposed between the mounting flanges 22 and 23. 
The screw 25 is screwed into a screw hole 23a of 
the mounting flange 23 after being inserted 

20 through a screw through hole 22a of the mounting 
flange 22, for example. The distance between the 
first housing 21 and the second housing 19 is 
adjusted by adjusting the thickness of the spacer 
24, thereby achieving the tension adjustment of 

25 a belt 30 through the adjustment of the distance 
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between axes 28a and 29a (the distance between 
centers D) of input and output pulleys 28 and 29, 
as shown in Fig. 3. 

The speed reduction mechanism 17 comprises an 
5 input shaft 27 coaxially connected to the output 
shaft 16 in the electric motor 15 through a joint 
26 using a spline 31a, for example, a 
sma 1 1 - d i ame t e r input pulley 28 provided in an 
intermediate portion in the axial direction of the 

10 input shaft 27 so as to be integrally rotatable, 
a 1 a r g e - d i ame t e r output pulley 29 arranged around 
the rack shaft 6 serving as a steering shaft, and 
a toothed belt 30 wound between the input and 
output pulleys 28 and 29. 

15 Referring to Fig. 4, the toothed belt 30 has 

helical teeth 300 whose tooth traces 301 are 
inclined at a predetermined angle of inclination 
A along its width direction W. The input pulley 
28 is constructed in the outer periphery of the 

20 input shaft 27 as a toothed pulley having helical 
teeth 280 which are equally spaced in the 
circumferential direction and meshed with the 
helical teeth 3 0 0 of the toothedbelt 30. The tooth 
traces 281 of the helical teeth 2 8 0 are inclined 

25 at an angle of inclination B. Similarly, the 
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output pulley 29 is constructed as a toothed pulley 
having helical teeth 290 which are equally spaced 
in the circumferential direction. The tooth 
traces 291 of the helical teeth 2 90 are inclined 
5 an angle of inclination B. The angle of 

inclination B corresponds to an angle of torsion 
of the tooth traces 281 and 291, and is set to an 
angle equal to the angle of inclination A. 

It is preferable in reducing a thrust force 

10 received by the belt 30 that the angles of 

inclination A and B are not more than 10 degrees 
(A < 10 degrees and B < degrees) . 

Referring to Fig. 2 again, the input shaft 27 
has first and second ends 31 and 32, the first and 

15 second ends 31 and 32 are respectively supported 
so as to be rotatable by corresponding supporting 
holes 35 and 36 of the first housing 21 through 
corresponding bearings 33 and 34. 

The first end 31 of the input shaft 27 is 

20 connected to the output shaft 16 in the electric 
motor 15 so as to be integrally rotatable through 
the joint 26. 

The first housing 21 comprises a connecting 
housing 37 connected to the motor housing 20 so 

25 as to cover a portion where the output shaft 16 
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projects from the motor housing 20, and a speed 
reduction mechanism housing 39 for defining an 
accommodation chamber 38 which accommodates a 
principal part of the speed reduction mechanism 
5 17 in cooperation with the connecting housing 37. 

The connecting housing 37 has a cylindrical 
shape, and accommodates the above-mentioned joint 
26 in its inner part. The connecting housing 37 
has a peripheral wall 40 and an end wall 41. The 

10 end wall 41 is provided with the above-mentioned 
supporting hole 35. 

The speed reduction mechanism housing 39 has 
a peripheral wall 42 and an end wall 43 which are 
fitted in the peripheral wall 40 of the connecting 

15 housing 37 in a liquid-tight manner. The end wall 
43 is provided with the above-mentioned supporting 
hole 36. The input pulley 28 is accommodated in 
the accommodation chamber 38 defined by the 
connecting housing 37 and the speed reduction 

20 mechanism housing 39. The above-mentioned 
mounting flanges 22 are provided in both the 
connecting housing 37 and the speed reduction 
mechanism housing 39. 

As the conversion mechanism 18, rotary motion 

25 can be converted into linear motion using a ball 
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screw mechanism or a bearing screw mechanism, for 
example (see Japanese Unexamined Patent 
Publication No. 2 0 0 0- 4 6 1 3 6 , for example) . In the 
present embodiment, description is made in 
5 conformity with an example in which the ball screw 
mechanism is used. 

The conversion mechanism 18 comprises a ball 
nut 44 serving as a rotating cylinder surrounding 
the rack shaft 6, a ball screw groove 6a formed 

10 on an outer peripheral surface in an intermediate 
portion of the rack shaft 6, and a ball 45 
interposed between the ball nut 44 and the ball 
screw groove 6a. 

The ball nut 44 is supported so as to be 

15 rotatable on the rack housing 19 through a bearing 
46. The above-mentioned output pulley 29 is fitted 
so as to be integrally rotatable in the outer 
periphery 47 of the ball nut 44. Specifically, 
the output pulley 29 is interposed between a step 

20 4 8 formed in the outer periphery 47 of the ball 
nut 44 and a fixed screw 60 screwed into a screw 
49 in the outer periphery 47, to fix the output 
pulley 29 to the ball nut 44. 

According to the present embodiment, 

25 vibration and noise produced by the mesh of teeth 
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can be reduced by using the helical teeth 280, 290, 
and 3 0 0 in each of the pulleys 28 and 29 and the 
belt 30, thereby making it possible to 
significantly reduce vibration and noise which are 
5 propagated inside of the vehicle. Particularly, 
it is possible to prevent the belt 30 from being 
offset and prevent friction from being created by 
setting the angle of inclination A of the teeth 
traces 301 of the helical teeth 300 of the belt 

10 30 and the angle of inclination B of the respective 
tooth traces 281 and- 291 of the helical teeth 280 
and 290 of each of the pulleys 28 and 29 to not 
more than 10 degrees. As a result, the durability 
can be improved. 

15 Moreover, the tension of the belt 30 can be 

adjusted easily and at low cost by adjusting the 
thickness of the spacer 24, thereby making it 
possible to reduce noise related to the belt 30. 
The most preferable angle ranges of the angles 

20 of inclination A and B is 5 to 10 degrees (5 degrees 
< A < 10 degrees, and 5 degrees < B < 10 degrees) . 

The present invention is not limited to the 
above-mentioned embodiment. For example, as a 
conversion mechanism, the above-mentioned ball 

25 screw mechanism can be replaced with a bearing 
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screw mechanism. 

As shown in Fig. 5, an electric power steering 
apparatus may be so configured that the rotation 
of an electric motor 15 for steering assist is 
5 transmitted to an intermediate portion of an 
output shaft 10 in a steering shaft 3 through a 
speed reduction mechanism 170 comprising a pulley 
belt mechanism, to move a rack shaft 6 through an 
intermediate shaft 50 and a pinion shaft 51. An 

10 output pulley 29 in the speed reduction mechanism 
170 may be provided so as to be rotatable 
integrally with the output shaft 10 of the steering 
shaft 3, which is not illustrated. 

As shown in Fig. 6, an electric power steering 

15 apparatus may be so configured that the rotation 
of an electric motor 15 for steering assist is 
transmitted to a pinion shaft 51 through a speed 
reduction mechanism 170 comprising a pulley belt 
mechanism, to move a rack shaft 6. An output pulley 

20 29 in the speed reduction mechanism 170 may be 
provided so as to be rotatable integrally with the 
pinion shaft 51, which is not illustrated. 

In the embodiments shown in Figs. 5 and 6, the 
necessity of a screw mechanism such as a ball screw 

25 mechanism serving as a conversion mechanism 18 is 
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el imina t ed . 

As shown in Fig. 7, a pair of belt pulley 
mechanisms 17A and 17B may be provided as a speed 
reduction mechanism 17. That is, a pair of input 
5 pulleys 28 is provided coaxially with an input 
shaft 27, a pair of output pulleys. 29 surrounding 
a steering shaft 6 is provided, and a pair of belts 
30 respectively connecting the corresponding 
input and output pulleys 28 and 29 is provided. 

10 Each of the belt pulley mechanisms 17A and 17B is 
provided with the input pulley 28, the output 
pulley 29, and the belt 30. 

In this case, the respective helical teeth 300 
of the belts 30 in the pair of belt pulley 

15 mechanisms 17A and 17B may be inclined in oppo.site 
directions, as shown in Fig. 7, or may be inclined 
in the same direction, as shown in Fig. 8. 
Alternatively, the respective phases of the 
helical teeth 2 8 0 in the pair of input pulleys 28 

20 may be opposite to each other. 

Although the present invention has been 
described and illustrated in detail by the 
specific embo dimen t , it is clearly understood that 
the same is by way of illustration and e x amp 1 e only 

25 and is not to be taken by way of limitation, the 
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spirit and scope of the present invention being 
limited only by the terms of the appended claims. 

The present application corresponds to 
Japanese Patent Application No. 2003-110674 filed 
with the Japanese Patent Office on April 1 5 , 2 003 , 
the disclosure of which is hereinto incorporated 
by reference. 



